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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1.17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.114. Applicant's submission filed on 08/15/2011 has been entered. 

Summary 

2. This is the response to the communication filed on 08/15/201 1 . 

3. Claims 1-28 are currently pending with claims 17-27 are withdrawn from consideration. 

4. The application is not in condition for allowance. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 
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2. 
3. 
4. 



Ascertaining the differences between the prior art and the claims at issue. 
Resolving the level of ordinary skill in the pertinent art. 

Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 



7. Claims 1-7, 9, 13, 16 and 28 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Willner et al. (US 5,443,701) in view of Ruger et al. (US 5,834,224) and Urry (US 
2002/0068304) with further evidence provided by Shah et al. (US 5,777,190). 

Addressing claim 1-7 and 28, Willner discloses a sensing device (figure 1) comprising an 

electrode 1 comprising a noble metal layer (col. 9 lines 29-37 or 9:29-37, gold electrode), 

on which a layer 4 of glutathione reductase (9:46-50) is immobilized on the gold 

electrode (Abstract). Furthermore, Willner discloses the biological material comprises a 

plurality of sulphur-containing functional groups (figures 20 and 22). 

Shah discloses that glutathione reductase catalyzes nitroaromatic compounds (3:18-35); 

therefore, the glutathione reductase is a nitroreductase enzyme. 

Willner is silent regarding the biological material comprises a plurality of cysteine 

residues adsorb directly to the noble metal layer. 

Ruger discloses an electrochemical sensor comprises enzymes (3:62-4:30) that are 
immobilized onto a noble metal layer (3:1-9) via a plurality of cysteine linkages (4:14-24, 
6:14-19). 

Urry discloses forming cysteine residues at the end of a biological molecule in order to 
attach the biological molecule to gold surface via the thiol -SH bond ([0084, 0127]). 
At the time of the invention, one of ordinary skill in the art would have found it obvious 
to modify the sensing device of Willner with the plurality of cysteine residues as 
disclosed by Ruger and absorbing the plurality of cysteine residues directly to the gold 
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surface via the thiol -SH bond as disclosed by Urry because the bond between the 
cysteine residues of the modified enzyme to the substrate is formed at the N- or/and -C 
terminus, which does not impede the active center of the enzyme that is essential for 
enzymatic activity (Ruger, 4:43-49) and absorbing the -SH functional group of the 
cysteine residues to the gold surface as disclosed by Urry [0084,0127] provides the 
required thiol bond by Willner (figures 8, 20 and 22). 

Addressing claim 9, Willner discloses the electrode comprises a semi -permeable 
membrane that encloses the electrode and is permeable to the analyte (5:62-65); 
therefore, the immobilized enzyme is also covered by the semi -permeable membrane or 
the fluid permeable cover layer. 

Addressing claim 13, Willner discloses the noble metal layer is gold (2:63-69). 
Ruger discloses the noble metal layer is gold (3:1-9). 

Furthermore, the limitation of current claim is drawn to the process of forming the 
biological material on the noble metal layer, which does not further structurally limit the 
claimed sensing device (please see MPEP 21 12.01). For the purpose of examination, the 
limitation of current is treated as a layer of nitroreductase is attached to the gold layer via 
a plurality of cysteine residues at a location on the enzyme that does not interfere with the 
activity of the enzyme. 

In the modification discussed in the rejection of claim 1, the plurality of cysteine residues 
are used for immobilizing the enzyme onto the noble metal layer; therefore, the plurality 
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of cysteine residues are at a location that does not interfere with the enzymatic activity 
(Ruger, 4:45-49). 



Addressing claim 16, Willner discloses the nitroreductase is operably associated with an 
electron mediator (5:47-57). 



8. Claims 8 and 14-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Willner et al. (US 5,443,701) in view of Ruger et al. (US 5,834,224) and Urry (US 
2002/0068304) as applied to claims 1-7, 9, 13, 16 and 28 above, and further in view of Grove et 
al. (WO 03/018788) and Shah et al. (US 5,777,190). 

Addressing claim 8, it is noticed from the originally filed specification the SEQ ID1 and 
SEQ ID2 refer to the nfnB gene in E. coli and pnrA gene in P. putida, respectively. 
Furthermore, the limitation of current claim is drawn to the process of making the 
nitroreductase enzyme, which does not further structurally limit the claimed sensing 
device (please see MPEP 21 12.01). For the purpose of examination, the claim is treated 
as nitroreductase enzyme encoded by either the nfnB gene or pnrA gene according to the 
originally filed specification. 

Willner is silent regarding the nitroreductase enzyme is encoded by either the nfnB gene 
or pnrA gene. 

Grove discloses nitroreductase enzyme; wherein, the nitroreductase enzyme is encoded 
by the nfsB gene or nfnB gene (page 2 line 16 to page 3 line 19). 
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Shah discloses using nitroreductase enzyme to control the reduction of nitroaromatic 
compounds (1:13-15). 

At the time of the invention, one with ordinary skill in the art would have found it 
obvious to modify the enzyme of Willner with the nitroreductase enzyme as disclosed by 
Grove because the nitroreductase enzyme of Grove, which reduces nitroaromatic 
compounds, would allow one to measure explosives such as TNT (Shah, 2:31-44). 

Addressing claims 14-15, it is noticed from the originally filed specification that the SEQ 
ID3 is the nfnB gene with genetic sequence to express a 6 cysteine residues inserted at 
the N-terminal end (page 7 lines 23-29 of the specification) and the SEQ ID5 is the pnrA 
gene with genetic sequence to express a 6 cysteine residues inserted at the N-terminal end 
(page 7 line 31 to page 8 line 4). Furthermore, SEQ ID4 and SEQ ID6 are the 
nitroreductase enzymes as the translation products of SEQ ID3 and SEQ ID5, 
respectively (page 8 lines 6-9). In other words, SEQ ID4 is the nitroreductase enzyme 
expressed by the nfnB gene with a six cysteine residues attached at the N-terminal; 
likewise, SEQ ID6 is the nitroreductase enzyme expressed by the pnrA gene with a six 
cysteine residues attached at the N-terminal. Additionally, the limitation of current claim 
is drawn to the process of binding the nitroreductase enzyme to the gold electrode, which 
does not structurally limit the claimed sensing device (please see MPEP 21 12.01). For 
the purpose of examination, the limitation of claims 14 and 15 in light of claim 13 is 
treated as the nitroreductase enzyme expressed by the nfnB gene or pnrA gene is attached 
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to the gold electrode via the six cysteine residues provided at the N-terminal of the 
nitroreductase enzyme. 

Willner is silent regarding the nitroreductase enzyme is encoded by either the nfnB gene 
or pnrA gene having six cysteine residues attached at the N-terminal for binding the 
enzyme to the gold electrode. 

Grove discloses nitroreductase enzyme; wherein, the nitroreductase enzyme is encoded 
by the nfsB gene or nfnB gene (page 2 line 16 to page 3 line 19). 
Shah discloses using nitroreductase enzyme to control the reduction of nitroaromatic 
compounds (1:13-15). 

At the time of the invention, one with ordinary skill in the art would have found it 
obvious to modify the enzyme of Willner with the nitroreductase enzyme as disclosed by 
Grove because the nitroreductase enzyme of Grove, which reduces nitroaromatic 
compounds, would allow one to measure explosives such as TNT (Shah, 2:31-44). 
Ruger discloses an electrochemical sensor; wherein, the enzyme is modified at the N- 
terminal attachment with a plurality of cysteine residues (4:13-24) at a location that does 
not interfere with the enzymatic activity (4:45-49) for binding the enzyme to the 
supporting material of gold or platinum (3:1-9). 

At the time of the invention, one with ordinary skill in the art would have found it 
obvious to modify the sensing device of Willner by modifying the nitroreductase enzyme 
disclosed by Grove with the plurality of cysteine residues at the N-terminal in the manner 
disclosed by Ruger because the plurality of cysteine residues would enhance the bond 
between the nitroreductase enzyme and the electrode, providing the thiol binding groups 
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required by Willner and provide high covering density of enzyme coupled with high 
conductivity and sensitivity (Ruger, 2:24-29). Additionally, it would have been obvious 
for one with ordinary skill in the art to modify the N-terminal of the nitroreductase 
enzyme of Grove with six cysteine residues because Ruger already discloses the inclusion 
of a plurality of cysteine residues at the N-terminal; therefore, absent of contrary support 
to show criticality, choosing to incoiporate six cysteine residues is obvious as a matter of 
engineering choice and is well within the technical grasp of one with ordinary skill in the 
art. Furthermore, the amount of cysteine residues at the N-terminal affects the bond 
between the enzyme and the electrode; therefore, one would have arrived at the six 
cysteine residues at the N-terminal of the nitroreductase enzyme when performing routine 
experiment with the amount of cysteine residues incorporated at the N-terminal of the 
enzyme in order to optimize the bond between the enzyme and the electrode. 

9. Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Willner et al. (US 
5,443,701) in view of Ruger et al. (US 5,834,224) and Urry (US 2002/0068304) as applied to 
claims 1-7, 9, 13, 16 and 28 above, and further in view of Matsumoto et al. (US 5,795,774) with 
further evidence provided by Shah et al. (US 5,777,190). 

Addressing claim 10, Willner is silent regarding the cover layer comprises a 

polycarbonate or polyacrylate material. 

Matsumoto discloses a biosensor; wherein, polycarbonate is used as a layer for allowing 
the diffusion of analyte while restricting the diffusion of macromolecules (2:15-31). 
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At the time of the invention, one with ordinary skill in the art would have found it 
obvious to modify the membrane of Willner with the polycarbonate material of 
Matsumoto because the polycarbonate material restricts the diffusion of macromolecules 
while allowing the diffusion of the analyte; thereby, increasing the range of 
concentrations which the sensor could be used to measure (Matsumoto, 2:22-26). 

10. Claims 1 1-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over Willner et 
al. (US 5,443,701) in view of Ruger et al. (US 5,834,224) and Urry (US 2002/0068304) as 
applied to claims 1-7, 9, 13, 16 and 28 above, and further in view of Saini et al. (US 5,521,101) 
with further evidence provided by Shah et al. (US 5,777,190). 

Addressing claims 1 1-12, Willner is silent regarding the noble metal layer is mounted on 
an insulating substrate and is connected to a surface not comprising the biological 
material, to one or more layers of conductive, semi-conductive or insulating material. 
Saini discloses a sensor for measuring TNT like that of Willner; wherein, the gold 
electrodes (9:65-67) are mounted on an insulating substrate 4 (10:9, quartz substrate) or a 
surface not comprising the biological material. 

At the time of the invention, one with ordinary skill in the art would have found it 
obvious to modify the device of Willner with the insulating substrate in the manner 
disclosed by Saini because the insulating substrate would provide support for the gold 
electrode (Saini, figure 1, 10:8-9). 
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Response to Arguments 

1 1 . The Request for Information in the previous Office Action is withdrawn in view of 
Applicant's affidavit. 

12. Applicant's arguments with respect to claims 1-16 and 28 have been considered but are 
moot in view of the new ground(s) of rejection. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to BACH DINH whose telephone number is (571)270-51 18. The 
examiner can normally be reached on Monday-Friday EST 7:00 A.M-3:30 P.M. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Keith Hendricks can be reached on (571)272-1401. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



BD 

12/16/2011 



/Keith D. Hendricks/ 

Supervisory Patent Examiner, Art Unit 1724 



